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Aim: ADC design for The LHC
(Large Hadron Collider), CERN

* ADC specifications:
e 14-bit design: To accommodate high dynamic range (16 bit)

* 40MSps

* To design: intermediate block
* Increase accuracy to 14 bit (or enhance the dynamic range)
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Proposed architecture: Concept

12-bit accurate sampling after analog gain
& dc shift for 4x gain

12 bit accurate

sampling required

I
:
—— kb B _’< ADC
. L o) ﬂ-4X\ Clk/ -~ :

\

In
—
| Y Cs+ 12-bit ADC
: DC shift Clk - T
: ___/ Sub- e
|
|
|

DRE block
(Dynamic Range Enhancement block)



4x branch assumption

e Calibration

e Exact values for 1x and 4x might not matter (Similar to
gain error?)

e 1x and 4x branch inter-calibration can be done similar to
interstage calibration in Nevis 2013 design.
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4x Amplitier design




4x Amplifier Testbench
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4x Amplifier Requirements

Requir | Value Comments Challenges
ement

Voltage 2V,

Swing

THD

Noise

Band
width

Cload

differential

>76dB

< 100uVgys

>60MHz

4pF single
ended

Determined by amplifier 24 stage
(Affects THD)

Both noise and distortion should be
-76dBV (or less) to have SNDR of
73dB atleast (Signal is 0dBV for peak
voltage)

Peak RMS voltage = 0.707V, and
noise RMS should be 76dB down.

A signal of 20MHz should have gain
close to 4x.

Sampling Cap load

THD requirement limits max
swing

Tradeoff with Voltage swing.
Might need different
architecture

Need to optimize bandwidth
and noise

Noise and power tradeoff



4x Amplifier Requirements (contd.)

Requir | Value Comments Challenges
ement

Loop >76dB >76 dB will mean no calibration Feedback factor, Resistance
gain Or as high needed. Not possible. So practically, value to be driven
as possible  after a feedback factor of 1/9 we get
about 44dB loop gain

Feed- 1/9 (See schematic) Reduces DC loop gain,
back bandwidth.
factor



4x Amplifier schematic
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M1,M2 = 40u/240n

M3 = 80u/240n

M4,M5 = 160u/240n

Cload = 4pF

M12,M13 = 160u/240n R1,R2 = 200kQ)

M6, M7 = 240u/240n  \14,M15 = 80u/240n
MS8,M9 = 120u/240n

M10, M11 = 40u/240n

R3,R4 = 600
C1,C2 = 1pF
C3,C4 = 1pF



Current amplifier status

Simulated Required Comment/Plan to improve
Value Value

DC Loop 76dB Need calibration scheme for interstage

Gain calibrations

UGB 86MHz 80MHz

Noise -- 100uVips Transistor resizing, increasing 1° stage current,
using capacitor parallel to feedback resistor to
suppress resistor noise

Phase 760 60°

Margin

3@ Harmonic - 76dB (simulated at low frequency: 97/1024MHz)

@1V, diff

3@ Harmonic - 76dB Use a different architecture?

@2V, diff

Power 1.2V*¥4.2mA <10mW
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Further plans

* Reduce noise for 4x amp.

* Add sampling stage after 4x amp, to verify
distortion <74dB.

* Verify specifications with dc shift.



Backup slides



Modified multigain architecture (MMG)
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CMFB schemati
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4x Amp schematic Level 1
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Simulation Results



AC response
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DC Loop Gain

Stability Response
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N O I S e Window Expressions [nfo Help cadence

Device Param Noise Contribution % 0f Total
S u I I I | I Ia r Sdxbmp AdiffPaic /Pl_hias m id 0. 000175233 13.87
Sdxbmp fd1iffPaic /PE_hias p id 0. 000175833 13.87
fdximpdiffPair /MN3_folded_hias_m id 0. 000137075 8.43
Adxbmp/diffPaic/M4_folded _hias_p id 0. 000137075 8.43
Fdzbmp AdiffPaic /N1 _gain_p id 0. 00011643 B. 09
Sdxbmp /diffPair /N2 gain m id 0.00011648 &. 09
/R0 rn 0. 000101366 4. 61
/R1 rn 0. 000101366 4.61
/RZ rn 0.000101366 4.61
/R3 rn 0.000101366 4.61
Fdzbmp /diffPaic /HE_gain m fn 0. 000100565 4. 54
Fdzbmp AdiffPaic /N1 _gain_p fn 0. 000100565 4. 54
Sdzbmp /diffPaic /N3 folded hias m fn g.93882e-05 3.50
Hzbmp AAiffPaic /M4 _folded hias_p fn g.93882e-05 3.50
Sdxbmp /diffPair /Pl_hias _m fn L. ET794%:-05 1.45
Sdxdmp Ad1iffPaic /PZ_hias p fn L. ET794%e-05 1.45
/RB rn 5. 00758e-05 1.13
ARG I 5. 00758e-05 1.13
fzimp fAif fPaic NI _stgl_OutM id 3. 18445e-05 0.46
Sdxbmp /diffPaic /M stgl OutP id 3. 18445e-05 0.46
Hxdmp Sd1ffPaic /PI_stgl OutM id 3.1124e-05 0.43
Sxdmp Sdif fPair /P4 _stgl_OutP id 3.1124e-05 0.43
Sdxdmp AdiffPaic /B3 _folded_m id 2. 20505e-05 0.2z
Sdxbmp fdiffPaic /P4 _folded_p id 2. 20505e-05 0 22
fdzdmp /d1ffPaic /M3 _folded_hias_m I3 1.69187e-05 0.13
fdzdmp /d1iffPaic /M4 _folded_bhias_p = 1.69187e-05 0.13
Fdxbmp /diffPair /Pl hias m rs 1. EE04Ee-05 0.11
fxdmp SAiffPaic /P2 bias p rs 1. EL045e-05 011
Sxdmp fAiffPaic /N1 _gain_p g 1.49504e-05 o.10
Sdwdmp /diffPair /HE gain m rs 1.49504e-05 0.10
Integrated Noilse Summary (in W) Sorted By Noise Contributors
Total Summarized Noise = 0. 000472062
Mo input referred noise awailable
The zhowe noise summary info is for noise data
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FFT 1V, 22.46MHz
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FFT 2V, 94.7kHz
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FFT 2V, 22.46MHz
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